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Abstract
Background: Middle-aged and older patients are prominent users of telephone triage services for timely access to
health information and appropriate referrals. Non-compliance with advice to seek appropriate care could potentially
lead to poorer health outcomes among those patients. It is imperative to assess the extent to which middle-aged
and older patients follow triage advice and how this varies according to their socio-demographic, lifestyle and
health characteristics as well as features of the call.
Methods: Records of calls to the Australian healthdirect helpline (July 2008–December 2011) were linked to
baseline questionnaire data from the 45 and Up Study (participants age ≥ 45 years), records of emergency
department (ED) presentations, hospital admissions, and medical consultation claims. Outcomes of the call
included compliance with the advice “Attend ED immediately”; “See a doctor (immediately, within 4 hours, or
within 24 hours)”; “Self-care”; and self-referral to ED or hospital within 24 h when given a self-care or low-urgency care
advice. Multivariable logistic regression was used to investigate associations between call outcomes and patient and call
characteristics.
Results: This study included 8406 adults (age ≥ 45 years) who were subjects of 11,088 calls to the healthdirect helpline.
Rates of compliance with the advices “Attend ED immediately”, “See a doctor” and “Self-care” were 68.6%, 64.6% and 77.
5% respectively, while self-referral to ED within 24 h followed 7.0% of calls. Compliance with the advice “Attend ED
immediately” was higher among patients who had three or more positive lifestyle behaviours, called after-hours, or
stated that their original intention was to attend ED, while it was lower among those who lived in rural and remote
areas or reported high or very high levels of psychological distress. Compliance with the advice “See a doctor” was
higher in patients who were aged ≥65 years, worked full-time, or lived in socio-economically advantaged areas, when
another person made the call on the patient’s behalf, and when the original intention was to seek care from an ED or
a doctor. It was lower among patients in rural and remote areas and those taking five medications or more. Patients
aged ≥65 years were less likely to comply with the advice “Self-care”. The rates of self-referral to ED within 24 h were
greater in patients from disadvantaged areas, among calls made after-hours or by another person, and when the
original intention was to attend ED. Patients who were given a self-care or low-urgency care advice, whose calls
concerned bleeding, cardiac, gastrointestinal, head and facial injury symptoms, were more likely to self-refer to ED.
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Conclusions: Compliance with telephone triage advice among middle-age and older patients varied substantially
according to both patient- and call-related factors. Knowledge about the patients who are less likely to comply with
telephone triage advice, and about characteristics of calls that may influence compliance, will assist in refining patient
triage protocols and referral pathways, training staff and tailoring service design and delivery to achieve optimal patient
compliance.
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Background
Australia’s population, like that of most other developed
countries, is ageing [1, 2]. The proportion of people aged
≥65 years in Australia increased from 11.8% to 14.7% be-
tween 1994 and 2014 and is projected to grow faster over
the next decades [2]. The ageing population has significant
implications for the health system [1], including accelerat-
ing demand for emergency department (ED) services [3–5].
Between 45% and 60% of low acuity attendances at ED
among Australian patients aged 65–80 years could poten-
tially be managed in primary care settings [6].
Telephone triage and advice services feature among
strategies to manage demand for health care services
and to facilitate equity of access [7, 8]. These services
have proliferated in Australia, the United States, Canada,
New Zealand, the United Kingdom and other European
countries, and are typically delivered by experienced
nurses who refer patients to the most appropriate level
of care. Recent systematic reviews [9, 10] found that pa-
tient compliance with triage advice varied, with higher
compliance in patients receiving advice to self-care
(pooled rate 78.9%, median 77%) or to attend ED
(pooled 63%, median 75%), and lower compliance among
those advised to seek primary care (pooled 44%, median
66%). Some studies have also examined patient non-
compliance, particularly in patients who self-refered to
the ED despite receiving advice not to do so, with rates
ranging between 1% to 9% [9–11].
Compliance with telephone triage advice is generally
measured either by self-report or through linkage to ser-
vice utilisation or claims data [9, 10, 12]. Although
follow-up surveys or phone interviews are able to iden-
tify the reasons why patients did not follow the advice
provided, these study designs are subject to bias in self-
report of compliance [13, 14] and relatively small sample
size [12, 13, 15, 16]. Record linkage studies potentially
offer objective measurement of compliance over a longer
time span than surveys. Most linkage studies have fo-
cused on paediatric patients [17–22], callers to triage
services embedded in health insurance or health man-
agement organisations [23–25], and those who called
general practices for a same-day consultations or ap-
pointments [26, 27]. Among three studies [11, 28, 29]
that have reported compliance among patients calling
publicly funded triage services, only the Canadian evalu-
ation of the Health Link Alberta service [29] examined
compliance with emergency, office, and self-care advice
through comprehensive data linkage at population level.
The other two studies, which evaluated healthdirect
helpline patients in Western Australia [11] and NHS
Direct patients in Southwest London [28], examined
compliance only with emergency care advice, and both
were restricted to small geographic areas [11, 28]. To date,
no study has been conducted with a focus on compliance
among middle-aged and older patients, who are more
likely to require complex care due to morbidity, functional
limitation, greater risks of symptom deterioration and
poorer access to health and other services [1, 2].
Patients’ compliance is likely to be influenced by mul-
tiple factors, including the patient’s self-assessment
about the level of care needed, their social circum-
stances, the quality of communication between patients
and triage staff, and the availability and accessibility of
the services to which they are referred [9–11, 26, 30].
Despite the growth of telephone triage as a means of un-
scheduled health care delivery, research evidence on fac-
tors influencing patient action after triage is patchy, due
in part perhaps to the limited patient information that
can be recorded at the time of calls. It has been reported
that compliance increases with patient satisfaction with
the advice [9, 12] and when the triage advice matches
the patient’s expectation for care [10]. In the Canadian
data linkage study [29], patients aged four years or older,
living in higher income areas, or having better health
status were more likely to comply with advice to attend
emergency or primary care. Patient compliance was
found to vary according to triage protocols [29], for ex-
ample, subjects with respiratory symptoms were less
likely to follow the advice to go to ED or to self-care,
compared to those with cardiac problems. In contrast,
patient non-compliance could be explained by changes
in their symptoms, misunderstanding or choosing to ig-
nore the triage advice [9, 10, 19]. Given that most of the
previous studies have included children only [17–22] or
patients of all ages [9, 10, 13, 15, 26–29], further investi-
gation of factors associated with adherence among
people of middle age and older has the potential to in-
form the planning and delivery of services.
Tran et al. BMC Health Services Research  (2017) 17:512 Page 2 of 13
In Australia, the healthdirect helpline was established
by the National Health Call Centre Network in 2006 to
provide access to health information and advice 24 h a
day, 7 days a week. The healthdirect helpline is staffed
by registered nurses and receives approximately 1,000,000
calls annually. In July 2011, the healthdirect helpline was
extended to include an after hours GP helpline to receive
calls transferred by the triage nurses for further assess-
ment [31]. This study linked records of the healthdirect
helpline and after hours GP helpline calls to comprehen-
sive questionnaire data from a large-scale cohort study,
and administrative health services data collections to as-
sess the extent to which middle-aged and older patients
comply with telephone triage advice, and how this varies
according to patient socio-demographics, lifestyle behav-
iours, health status, and characteristics of the calls.
Methods
Study design, data sources and linkage
This was an observational follow-up study, using record
linkage. The study subjects were participants in the 45
and Up Study [32] who had been the subject of a call
to the healthdirect helpline between July 2008 and
December 2012.
The 45 and up study
The 45 and Up Study is a cohort study of people aged
45 years and older living in New South Wales (NSW)
Australia and is managed by the Sax Institute [33]. Pro-
spective participants in the 45 and Up Study were ran-
domly sampled from the enrolment database of
Medicare Australia (now the Department of Human Ser-
vices)– the universal health insurance program for all
Australian residents and eligible visitors – with oversam-
pling of people aged 80 years and older and residents of
rural and remote areas. A total of 267,153 participants
joined the Study between January 2006 and December
2009 by completing a baseline questionnaire (response
rate 18%) and giving signed consent for follow-up and
linkage of their information to routine health databases
[33]. The 45 and Up Study baseline questionnaire was
linked to the following data sources:
(i) healthdirect helpline calls (July 2008–December
2012), including calls transferred to the after hours
GP helpline
(ii)Medicare Benefits Schedule (MBS) claims for medical
consultations (January 2006 – December 2011)
(iii)ED data collections in NSW and the Australian
Capital Territory (ACT) (January 2006 – June 2013),
and
(iv)Hospital admission data collections in NSW and
ACT (January 2006 – June 2013).
NSW is Australia’s most populous State with more
than 7.5 million residents as of June 2014 [2]. The ACT
(population of 385,996) is geographically surrounded by
NSW. It is not uncommon for NSW citizens living near
the border to utilise ACT hospital services. Although
this study included only participants who were NSW
residents, records of ED and hospital data for both NSW
and the ACT were linked to capture the use of those
services in the ACT.
Healthdirect helpline call
The healthdirect helpline triages patients using a com-
puterised clinical decision support system (CareEnhance
Call Centre Software) which incorporates approximately
400 standardised guidelines. In addition to recording the
patient’s health concerns, the triage nurse also obtains
demographic details including age and sex of both the
patient and the caller, the relationship of the caller to
the patient, and postal code. At the completion of the
triage process, the nurse provides the patient with one
of the following dispositions:
(i) direct transfer to ambulance services
(ii)attend ED immediately
(iii)see a doctor either immediately or within a specific
time frame (4 h, 24 h, 72 h or 2 weeks)
(iv) self-care advice or health information only, and
(v)see a dentist or other health provider within a
specific time frame.
The nurse can also refer the patient to a Poisons
Information Centre, the Medicines Line, nursing posts
in remote areas, acute mental health services, or
transfer the caller to the after hours GP helpline for
further assessment. Dispositions given by the after
hours GPs include those that are similar to the
nurse’s dispositions (i) to (iv), and further include the
advice “self-care until seeing a GP or a health pro-
vider in-hours”. During the triage, the callers are also
asked about their original intention i.e. what they
intended to do prior to contacting the helpline.
MBS claims
The Australian Department of Human Services pro-
cesses MBS claims to subsidise fees for patients who at-
tend eligible registered health professionals [34]. For this
study, medical attendances were identified using MBS
item numbers as per scheduled Groups A1-A8, A11-
A26, A28, A30, M2 and M12 [34]. As MBS claims data
provide only date (not time) of services, an algorithm
(Additional file 1: Table S1) was developed for this study
to classify consultations as occurring before or after the
call. The algorithm took into account factors including
presence of a MBS claim, ED visit or hospital admission
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(on the same day of the call or subsequent day), category
of MBS items (specific to the after-hours period or gen-
eric items non-indicative of consultation time), time of
the call, time of arrival and discharge from ED or hos-
pital, and constant parameters (10-min duration of triage
call, 20-min duration of medical consultation, and 20-
min between call and arrival at ED or hospital).
ED presentation and hospital admission collections
The NSW ED data include presentations to EDs in pub-
lic hospitals. Of a total 150 EDs in NSW, all large EDs
participate in the data collection, with the number of
participating EDs increasing over time (89 in 2008 to
130 in 2012) [35]. In 2013, the ED data collection cov-
ered about 96% of all ED attendances in NSW [36]. The
NSW hospital admission data include all records of hos-
pital separations (discharges, transfers and deaths) in all
public and private hospitals. In the ACT, the ED and
hospital records were extracted from one of the two
major hospitals (records from the other hospital were
not available).
Data linkage
The Sax Institute deterministically linked MBS claims to
the 45 and Up Study baseline questionnaire using an
encrypted unique random number. All other datasets
were linked by the NSW Centre for Health Record Link-
age using a probabilistic matching method [37] and the
privacy preserving approach [38]. The validity of the
probabilistic record linkage is extremely high, with false
positive links ≤0.4% [37]. De-identified datasets were
provided to the researchers.
Study outcomes
This study examined four outcomes of healthdirect calls
(further defined in Table 1), including:
(i) compliance with the disposition “Attend ED
immediately”,
(ii)compliance with the dispositions “See a doctor
immediately, within 4 hours or 24 hours”,
(iii)compliance with the disposition “Self-care”; and
(iv) self-referral to ED or hospital within 24 h of the call
for which the patients were given the “Self-care” or
low-urgency dispositions.
Predictor variables
Patient characteristics (Additional file 1: Table S2) were
self-reported in the 45 and Up Study baseline question-
naire. Socio-demographic characteristics included age (at
questionnaire completion), sex, country of birth, marital
status, highest educational qualification, annual house-
hold income, working status, private health insurance,
and number of people outside home on whom the pa-
tient can depend. The total number of positive lifestyle
behaviours (ranging from 0 to 4) summed the following:
non-smoking; safe level of alcohol consumption (<14
drinks/week); at least 2.5 h of intensity-weighted phys-
ical activity per week; and daily consumption of ≥2
serves of fruits and ≥5 serves of vegetables [39, 40].
Health characteristics included Body Mass Index (BMI,
based on self-reported height and weight), self-rated
general health, psychological distress, number of chronic
health conditions, and number of medications taken.
Chronic conditions including cancer (excluding skin
cancer), heart disease, high blood cholesterol, high blood
pressure, diabetes, thrombosis, asthma, depression, anx-
iety, Parkinson’s disease, thyroid problems and joint/
bone problems (osteoarthritis, osteoporosis, low bone
density, knee or hip replacement) were defined based on
the questions “Has a doctor ever told you that you
have…”; “Age when condition was first found…”; “In the
last month have you been treated for ...”; and “Have you
ever had any of the following operations …”. Psycho-
logical distress was measured by the Kessler-10 scale
and categorised as low (total score 10–15), moderate
(15–21), high (22–29) and very high (30–50) [41, 42].
The number of medications taken was derived from the
items “Have you taken any medications, vitamins or sup-
plements for most of the last 4 weeks?”, with check-boxes
for up to 25 common medications.
Socio-economic status (SES) of residential areas was
based on the Index of Relative Socio-economic Advan-
tage and Disadvantage subscale of the Socio-Economic
Indexes for Areas (SEIFA) [43] and grouped into quin-
tiles (quintile 1 indicates lowest SES and quintile 5
Table 1 Definition of study outcomes
Study outcomes Definition
Compliance: Attend ED immediately Presence of an ED or hospital record within 24 h of call
Compliance: See a doctor immediately, in 4 h or 24 h Presence of an ED or hospital record within 24 h of call or a MBS claim within 2 days
Compliance: Self-care No ED or hospital record within 48 h of call and no MBS claim within 2 days
Self-referral to ED or hospital in 24 h Presence of an ED or hospital record within 24 h of call among patients who were
given the disposition “self-care” or low-urgency dispositions (including “see doctor in
72 h or 2 weeks”, “see a dentist in 72 h, in 2 weeks or when available”, and “see a health
provider in 72 h, in 2 weeks or when available”).
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indicates highest SES). Remoteness of residential areas
was based on Accessibility/Remoteness Index of Australia
Plus scores, and classified as major cities (0 < score ≤ 0.2),
inner regional (0.2 < score ≤ 2.4), outer regional
(2.4 < score ≤ 5.92), remote (5.92 < score ≤ 10.53), and
very remote (score > 10.53) [44].
Characteristics of the calls (Table 2) included patient
age at call, time of call, caller-patient relationship, ori-
ginal intention, and triage protocols utilised. The “after-
hours” period included calls made between 6 pm and
8 am Mondays to Fridays, between 12 pm Saturdays and
8 am Mondays, and on public holidays. The triage pro-
tocols were grouped into clinically meaningful categories
(see Table 2). The category “Seen by a healthcare pro-
vider earlier” indicated patients who rang the healthdir-
ect helpline with a health concern for which they had
earlier seen a healthcare provider. In these cases the
nurse triages whether the patient’s situation has changed
since the last time patient saw their healthcare pro-
vider and reviews the advice provided by their health
provider in order to assist the patient in managing
their health concern.
Statistical analyses
Rates of compliance and self-referral were expressed as
percentage with 95% confidence interval (95%CI). Pre-
dictors of study outcomes were explored using contin-
gency tables and logistic regression modelling. Both
crude odds ratios and adjusted odds ratios (aORs) and
95%CI were computed. The main multivariable models
included patient age at call, sex, country of birth, marital
status, number of people the patient can depend on,
education, household income, working status, private
health insurance, SEIFA, positive lifestyle behaviours,
BMI, self-rated health status, psychological distress,
number of medications taken, time of call, caller-patient
relationship, original intention, and triage protocols uti-
lised. Due to collinearity between variables, models
examining remoteness excluded the SEIFA variable and
models examining number of health conditions excluded
the number of medications taken variable. Missing infor-
mation was treated as a separate category for any vari-
ables with missing data (modelling results not shown).
During the study period, 15% of the participants
made more than one call to the healthdirect helpline.
Sensitivity analysis was conducted, in which two-level
multivariable logistic regression analyses were performed
to assess the association between outcomes of call and pa-
tient and call-related factors. The two-level regression
models took into account the clustering of calls within an
individual patient. The single-level and two-level analyses
yielded similar results (two-level modelling results not
shown). SAS version 9.3 was used for descriptive and
single-level regression analyses while MLwiN version 2.4
was used for two-level regression models.
Results
Data linkage, exclusions and inclusions
The data linkage process identified 17,280 participants
in the 45 and Up Study who were the subjects of 26,392
calls to the healthdirect helpline between July 2008 and
December 2012. The following categories of calls were
excluded from the analysis: calls that did not require tri-
age; missing triage disposition information; inconsistent
patient sex and/or age; highly implausible caller-patient
relationship given patient’s age; calls made after 15 De-
cember 2011 (to ensure at least two weeks of follow-up
for MBS claims); and calls that were completed with
dispositions other than those included in the defined
study outcomes [45]. In addition, Department of Vet-
erans’ Affairs (DVA) participants (n = 268) were ex-
cluded because their primary care is subsidised through
the DVA and therefore not captured in MBS data. When
a patient had more than one call in a day, only the last
call was selected for the analyses. Following exclusion of
15,304 calls relating to 8874 patients, the final healthdir-
ect helpline dataset included 11,088 calls made between
1 July 2008 and 15 December 2011, relating to 8406 pa-
tients. The included and excluded subjects of call had
similar socio-demographic, lifestyle and health charac-
teristics (comparison results not shown).
Patient characteristics
Among the 8406 patients, 61.5% were female, 66.6%
were living with a partner, and 23.6% were born
overseas. In terms of educational qualifications, 32.5%
had a school certificate, 31.8% had a trade, apprentice-
ship or diploma certificate and 18.1% had a university or
higher degree. Nearly a quarter (23.5%) reported annual
family income of AUD50,000 or higher, 38.6% were
working and 53.8% had private health insurance. About
28.9% of patients lived in socio-economically disadvan-
taged areas (SEIFA quintile 1 and 2), while 41.5% lived
in inner regional and 18.3% in remote and very remote
areas of NSW (Additional file 1: Table S2).
In terms of healthy lifestyle behaviours, 281 patients
(3.3%) did not report any positive behaviours while
1672 (19.9%), 3145 (37.4%) and 3308 (39.4%) patients
respectively reported one, two, and three or four posi-
tive behaviours. There were 2019 (24.0%) patients
with a BMI ≥ 30.0, and 1824 patients (21.7%) rated
their general health as fair or poor. The proportion of
patients reporting high blood pressure and high chol-
esterol was 41.0% and 29.8% respectively, while de-
pression (23.6%) and joint/bone problems (21.7%)
were also common. Other chronic health conditions
included heart disease (17.9%), asthma (17.9%), anxiety
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Table 2 Characteristics of 11,088 healthdirect calls, 1 July 2008–15 December 2011 according to dispositions
Call characteristics Dispositions (N, %a) Total
N (%a)Attend ED immediately See doctor immediately, in 4 or 24 h Self-care Low-urgencyb
Patient sex
Male 698 (42.6%) 2319 (36.3%) 538 (32.5%) 523 (37.1%) 4078 (36.8%)
Female 940 (57.4%) 4065 (63.7%) 1118 (67.5%) 887 (62.9%) 7010 (63.2%)
Patient’s age (at call)
45–54 344 (21.0%) 1479 (23.2%) 394 (23.8%) 260 (18.4%) 2477 (22.3%)
55–64 494 (30.2%) 1942 (30.4%) 443 (26.8%) 381 (27.0%) 3260 (29.4%)
65–74 430 (26.3%) 1601 (25.1%) 430 (26.0%) 376 (26.7%) 2837 (25.6%)
75+ 370 (22.6%) 1362 (21.3%) 389 (23.5%) 393 (27.9%) 2514 (22.7%)
Time of call
In-hours 378 (23.1%) 1871 (29.3%) 497 (30.0%) 505 (35.8%) 3251 (29.3%)
After-hours 1260 (76.9%) 4513 (70.7%) 1159 (70.0%) 905 (64.2%) 7837 (70.7%)
Caller patient relationship
Self 1214 (74.1%) 5256 (82.3%) 1444 (87.2%) 1266 (89.8%) 9180 (82.8%)
Spouse, partner 258 (15.8%) 633 (9.9%) 120 (7.2%) 78 (5.5%) 1089 (9.8%)
Other 152 (9.3%) 441 (6.9%) 78 (4.7%) 60 (4.3%) 731 (6.6%)
Unknown 14 (0.9%) 54 (0.8%) 14 (0.8%) 6 (0.4%) 88 (0.8%)
Original intention
Self-care at home 243 (14.8%) 889 (13.9%) 358 (21.6%) 225 (16.0%) 1715 (15.5%)
Call ambulance or attend ED 519 (31.7%) 1266 (19.8%) 158 (9.5%) 170 (12.1%) 2113 (19.1%)
Contact doctor or healthcare provider 241 (14.7%) 1706 (26.7%) 328 (19.8%) 389 (27.6%) 2664 (24.0%)
Did not know what to do 539 (32.9%) 2125 (33.3%) 661 (39.9%) 500 (35.5%) 3825 (34.5%)
Missing 96 (5.9%) 398 (6.2%) 151 (9.1%) 126 (8.9%) 771 (7.0%)
Triage protocol
Skin, wound 79 (4.8%) 512 (8.0%) 57 (3.4%) 49 (3.5%) 697 (6.3%)
Limbs and extremities 118 (7.2%) 738 (11.6%) 126 (7.6%) 93 (6.6%) 1075 (9.7%)
Bite, burns, chemical exposure 107 (6.5%) 285 (4.5%) 243 (14.7%) 12 (0.9%) 647 (5.8%)
Respiratory 103 (6.3%) 364 (5.7%) 45 (2.7%) 41 (2.9%) 553 (5.0%)
Head, neck, face non-injury 67 (4.1%) 255 (4.0%) 27 (1.6%) 110 (7.8%) 459 (4.1%)
Neurological, headache, seizure 58 (3.5%) 685 (10.7%) 39 (2.4%) 105 (7.4%) 887 (8.0%)
Abdominal pain or injury 213 (13.0%) 583 (9.1%) 20 (1.2%) 113 (8.0%) 929 (8.4%)
Cold, flu, fever 24 (1.5%) 281 (4.4%) 66 (4.0%) 18 (1.3%) 389 (3.5%)
Postoperative 43 (2.6%) 313 (4.9%) 52 (3.1%) 26 (1.8%) 434 (3.9%)
Cardiac 360 (22.0%) 421 (6.6%) 33 (2.0%) 184 (13.0%) 998 (9.0%)
Bleeding 82 (5.0%) 305 (4.8%) 36 (2.2%) 84 (6.0%) 507 (4.6%)
Nausea, vomiting 52 (3.2%) 182 (2.9%) 63 (3.8%) 17 (1.2%) 314 (2.8%)
Gastrointestinal 67 (4.1%) 316 (4.9%) 79 (4.8%) 203 (14.4%) 665 (6.0%)
Head, neck, face injury 55 (3.4%) 141 (2.2%) 48 (2.9%) 27 (1.9%) 271 (2.4%)
Seen by a provider earlier 0 (0.0%) 293 (4.6%) 180 (10.9%) 88 (6.2%) 562 (5.1%)
Other symptoms 210 (12.8%) 710 (11.1%) 542 (32.7%) 240 (17.0%) 1701 (15.3%)
Total 1638 (100%) 6384 (100%) 1656 (100%) 1410 (100%) 11,088 (100%)
a: Percentage of the column
b: Including dispositions: see doctor in 72 h or 2 weeks, see a dentist in 72 h, in 2 weeks or when available, see a health provider in 72 h, in 2 weeks or
when available
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(16.9%), cancer (13.7%), diabetes (12.5%), thrombosis
(7.1%), thyroid problems (6.7%) and Parkinson’s disease
(1.0%). More than half of patients (57.6%, n = 4838) had
two or more conditions and 40.3% (n = 3389) reported
taking two or more medications. In addition, 1007 (12.0%)
participants reported high or very high levels of psycho-
logical distress (Additional file 1: Table S2).
Call characteristics
Among 11,088 calls included in the analysis (Table 2),
1638 (14.8%) were given the disposition “Attend ED im-
mediately”, 6384 (57.6%) were given the dispositions
“See a doctor immediately, in 4 hours or 24 hours”, 1656
(14.9%) were advised to self-care at home, and 1410
(12.7%) were advised to seek care in a less urgent time-
frame. The mean age of the patients when they
contacted the healthdirect helpline was 64.8 years
(±11.5), 63.2% of the calls were for female patients,
82.8% were made by the patients themselves and 70.7%
of calls were made after-hours.
Calls concerning symptoms of limbs and extremities
and symptoms of the cardiac system accounted for 9.7%
and 9.0% respectively of total calls, while abdominal pain
or injury, and neurological symptoms, headache or sei-
zures each accounted for more than 8% of total calls.
The protocol “Seen by a healthcare provider earlier” was
used for 5.1% of the calls, none of which ended with ad-
vice to attend ED immediately (Table 2). When asked
about their intention prior to calling the healthdirect
helpline, 31.7% of patients given the advice “Attend ED
immediately” stated that their intention had been to
contact ambulance services or go to ED (Table 2).
Rates of compliance and self-referral
As presented in Table 3, compliance with the advice “At-
tend ED immediately” was 68.6% (95%CI 66.4–70.9),
with the advice “See a doctor immediately, in 4 hours or
24 hours” was 64.6% (95%CI 63.4–65.8) and with advice
to “Self-care” was 77.5% (95%CI 75.5–79.5). Of 3066 pa-
tients who were given self-care and low-urgency disposi-
tions, 7.0% (95% CI 6.1–7.9) self-referred to ED
(n = 189) or hospital (n = 26) within 24 h of the call.
Factors associated with compliance and self-referral
Table 4 and Additional file 1: Table S3 present adjusted
odds ratios for compliance and self-referral according
to patient and call-related factors. Among socio-
demographic characteristics, compliance and self-
referral were most influenced by the patient’s age,
working status, SES and remoteness of residence.
Compared to patients aged 45–54 years, patients aged
≥55 years were more likely to comply with advice to
see a doctor but were less likely to self-care as ad-
vised. Higher likelihood of compliance with advice to
see a doctor was found among patients who worked
full time. Compared to patients living in SEIFA quin-
tile 1 (lowest SES), those living in higher SES quintile
areas were more likely to follow the advice to attend
ED (Quintile 3), or to see a doctor (Quintile 3, Quin-
tile 4) while being less likely to self-refer to ED/hos-
pital (Quintile 5). Compared to those living in major
Table 3 Rates (95%CI) of compliance and self-referral to urgent care, and use of health services
Compliance with triage advice Self-referral to ED or
hospital in 24 hourscAttend ED immediately See doctor immediately, in 4 hours or 24 h Self-care
Total number of calls 1638 6384 1656 3066
Number (compliance or self-referral) 1124 4123 1284 215
Rate (95%CI),% 68.6 (66.4–70.9) 64.6 (63.4–65.8) 77.5 (75.5–79.5) 7.0 (6.1–7.9)
Use of health services
ED in 24 h 1084 2038 75 189
ED in 25–48 h 13 48 20 26
ED >48 h 26 99 45 75
Hospital in 24 hoursa 40 64 17 26
Hospital in 25–48 hoursa 0 9 5 7
Hospital >48 hoursa 8 52 22 44
MBS on the same day 77 1352 101 247
MBS in the next day 75 670 154 349
MBS in day 3 or later 282 1800 1067 1834
No linked record b 33 252 150 269
a: There is no preceding ED record
b No linked record of ED visit, hospital admission or MBS claim until the next call
c: Dispositions include self-care, see doctor in 72 h or 2 weeks, and see a dentist or a health provider in 72 h, 2 weeks or when available
Tran et al. BMC Health Services Research  (2017) 17:512 Page 7 of 13
Table 4 Compliance and self-referral according to patient and call characteristics, % and adjusted odds ratio (95%CI)
Adjusted for patient age at call, sex, country of birth, marital status, people can depend on, education, household income, working status, private health insurance,
SEIFA, healthy behaviours, BMI, general health, medication taken, time of call, caller-patient relationship, original intention, and triage protocols. Models examining re-
moteness did not include SEIFA, models examining morbidity did not include number of medications taken. See Additional file 1: Table S3 for further details. Forest
plots: The diamond shapes represent adjusted odds ratios, the horizontal bars represent the 95%CIs, the square shapes represent reference categories.
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city areas, patients living in rural and remote areas
had significantly lower compliance with advice to at-
tend ED (aOR = 0.67, 95%CI 0.49–0.92), and to see a
doctor (aOR = 0.59, 95%CI 0.51–0.69) while compli-
ance with self-care advice was not significantly differ-
ent (aOR = 1.33, 95%CI 0.91–1.94).
Compared to patients who reported no healthy behav-
iours, those with three or four positive behaviours were
more likely to follow the advice to attend ED immedi-
ately (aOR = 2.09, 95%CI 1.13–3.87). Patients reporting
high or very high levels of psychological distress were
significantly less likely to attend ED as advised (aOR = 0.61,
95% CI 0.40–0.92 and aOR = 0.42, 95% CI 0.24–0.74,
respectively) compared to those having low level of psy-
chological distress. The likelihood of following advice to
see a doctor was lower among those who were taking five
or more medicines.
Calls made after-hours were associated with both
higher compliance with advice to attend ED and higher
self-referral to ED. Compliance with advice to see a doc-
tor was more likely among calls made by a partner or
spouse, or by a carer, parent or grandchild, than among
patients calling on their own behalf. Compared to callers
whose original intention was to self-care, those who had
originally intended to contact ambulance services or at-
tend ED were significantly more likely to present to ED
as advised (aOR = 2.59, 95%CI 1.82–3.69), see a doctor
as advised (aOR = 1.69, 95%CI 1.40–2.03) and to present
to ED contrary to advice (aOR = 2.64, 95%CI 1.59–4.38).
Patients who originally intended to contact a doctor or a
health provider were more likely to follow the advice to
see a doctor (aOR = 1.56, 95%CI 1.31–1.86).
Particular patient symptoms were significantly associ-
ated with patient self-referral to ED. Compared to
patients with skin or wound problems, self-referral was
significantly higher among those with cardiac symptoms
(aOR = 3.94, 95%CI 1.14–13.63), bleeding (aOR = 5.15,
95%CI 1.41–18.75), gastrointestinal problems (aOR = 4.81,
95%CI 1.42–16.28) and head, neck and face injuries
(aOR = 5.17, 95%CI 1.33–20.04), as well as among those
who had seen a provider earlier (aOR = 3.60, 95%CI 1.04–
12.51) (Table 4 and Additional file 1: Table S3).
Discussion
This is the first research study to comprehensively evalu-
ate the utilisation of ED, hospital and primary care ser-
vices among middle-aged and older patients, following
consultation with the Australian healthdirect helpline.
To our knowledge, it is the only study internationally
to date that has linked records of triage calls to de-
tailed self-reported information about patients’ socio-
demographic and health characteristics and major ad-
ministrative data collections.
Rates of compliance in this study are in line with those
reported in the international literature [9, 10], including
compliance with advice to “attend ED” (68.6% in this
study vs reported median 75%), to attend office-care
(64.6% in this study vs reported median 66%) and for
self-care (77.5% vs reported median 77%). Compared
with a previous study, which also examined healthdirect
helpline calls but only among people who lived within
2 km from Fremantle Hospital in Western Australia
[11], our study found a lower rate of self-referral to
acute care services (7.0%, 95%CI 6.1–7.9 vs 9.0%, 95%CI
8.0–10.0). Compared with De Coster’s Canadian study
[29] which used a similar data linkage method, patients
calling the healthdirect helpline had higher rates of com-
pliance with advice to attend ED (68.6% vs 52.3%) and to
see a doctor (64.6% vs 43.2%), and lower compliance
with self-care advice (77.5% vs 83.7%). Discrepancies in
compliance rates between the two studies are likely due
to differences in patient age, quality of record linkage,
and completeness of claim data. In De Coster’s study
[29], patients under four years old accounted for 43% of
study participants, while patients aged 50 years and
older accounted for only 8.6%. Previous meta-analyses
showed that compliance with advice to seek ED care or
self-care is higher among parents of paediatric patients
than among adult patients [10]. The probabilistic linkage
of our data yielded extremely low rates of missed links
(0.43% vs 22% in the Canadian study) [29, 37]. The MBS
data in our study (deterministically linked) included all
GP visits financed by the Medicare program [34], while
De Coster and colleagues mentioned that some visits to
physicians who did not bill for their services might have
been missed [29].
Although an extensive body of research has investi-
gated patient compliance with treatment regimens
(30%–80%) [46–49], findings have been inconsistent
[46–48]. This is perhaps partly due to heterogeneity of
populations studied and variations and challenges in
measuring compliance. According to reviews [46–49],
patient compliance tends to increase with older age,
higher levels of understanding about the disease and
treatment, and higher levels of social support, while gen-
der, education, ethnicity, income and marital status have
not shown to be consistent predictors of compliance.
The current study found significant variations accord-
ing to patient’s age in compliance with advice to see
a doctor and self-care but not in compliance to at-
tend ED or self-referral to ED. This indicates clinical
acuity has a mediating influence on the relationship
between patient’s age and compliance with the triage
advice. Level of social support (i.e. living with a part-
ner and the number of people on whom the patient
can depend) was not associated with compliance or
self-referral. Similarly, consistent with results of the
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Canadian data linkage study [29], patient’s socio-
economic characteristics were not associated with the
study outcomes. The role of neighbourhood contexts
over and above the effects of individual socio-economic
position [50, 51], however, is highlighted in this study.
Lower compliance with advice to attend ED or see a doc-
tor among rural and remote patients may reflect barriers
to service utilisation in those areas, such as greater travel-
ling distance, lack of availability and accessibility of ser-
vices, and greater variability in service availability in the
after-hours period. [52]. It should be noted that this study
may have underestimated compliance in rural and remote
areas, as some patients may have sought care in neigh-
bouring States/Territories for which this study did not
have data, or attended small remote hospitals that are not
included in the ED dataset.
Prior studies reported that compliance with therap-
ies is often lower in patients with risky behaviours
(tobacco smoking, high alcohol intake, and illicit drug
use) [46]. In this study, patients had greater compli-
ance with ED-care advice when they displayed three
or more positive health behaviours when compared
with those with no health behaviours, but there were
no effects on other outcomes of the call. In contrast
to the Canadian study [29], this research found little
impact of patient health characteristics on compliance
or self-referral, with the exception of lower compli-
ance with ED-care advice among people with high
and very high levels of psychological distress. The
self-reported health conditions examined in this study
were mainly chronic; they did not necessarily reflect
the circumstances and acuity of the presenting symp-
toms at the time of call. Among calls triaged to seek
ED care, patients with very high psychological distress
were more likely than other patients to seek advice
for acute health reasons, including diabetes out of
control (19.4% vs <7.0%) and asthma attack (7.4% vs
<2.0%). Patients with a high level of psychological dis-
tress also had higher proportions of calls relating to
acute alcohol intoxication (7.1% vs <1% in other
patients). These results highlight the difficulties in
triaging health symptoms in the presence of comorbid
psychological distress, and the need for triage staff to
consider the appropriateness of the reached dispos-
ition in the clinical context of the individual patient
and their reported symptoms before completing the
interaction.
This study found little variation in compliance (attend
ED, see a doctor, and self-care) according to triage pro-
tocols, which was contrary to the Canadian data linkage
study [29]. It should be noted, however, that the Canad-
ian study included patients of all ages (43% were chil-
dren younger than four years of age) and the application
of the necessarily broader triage protocols reduces
comparability with the current study of patients ≥45 years.
Our study was able to distinguish clinical symptoms asso-
ciated with patient self-referral to ED. The rate of self-
referral was significantly higher following calls concerning
cardiac symptoms, bleeding, gastrointestinal problems,
and head injuries. Further, time to arrival at ED among pa-
tients with these symptoms was shorter than those report-
ing other symptoms. The percentage of patients self-
referring to ED within 4 h was 73.7% among those with
bleeding, 70.0% among those with head, neck and face in-
juries, and 70.0% among those with cardiac symptoms,
compared to approximately 55% among patients with
postoperative concerns or nausea and vomiting. Higher
self–referral and earlier presentations at ED would not be
unexpected given the likelihood that these symptoms
might cause patient anxiety and progress rapidly.
The results of the current study provide insight into
the caller’s original intention and subsequent behav-
iours. Any interpretation must be made in recognition
of the fact that, it is not always practical for health-
direct triage nurses to collect the caller’s “original
intention” at the beginning of the triage, it may have
been influenced by a number of factors, including the
advice given, the process of the call, or the caller’s
satisfaction with the interaction with the staff. Earlier
studies [14, 15] that asked the caller’s original
intention prior to the triage process showed reason-
ably high levels of compliance with advice despite dis-
crepancies between their original intention and the
advice received [14, 15]. In the current study, compli-
ance with advice to attend ED or see a doctor was
greater when the triage advice matched the patient’s
original intention, but this pattern was not seen
among the self-care group. This study, for the first
time, investigated the relationship between patient
intention and self-referral to acute care. After control-
ling for the effect of after-hours time of call, patients
intending to seek urgent care (ambulance or ED)
were significantly more likely to present to ED or
hospital. This warrants further studies among patients
triaged to low-urgency care and suggests that where
there is a large discrepancy between the triage advice
and the caller’s original intention, reassurance may be
needed to encourage compliance with low-urgency
disposition. This also highlights the importance in
discussing with patients their ability to access the
appropriate level of care within the advised time
frame. A previous study of patients ≥70 years who
presented to ED for non-urgent health problems [53]
found that the patients had difficulties in accessing
primary care and they often perceived ED care as a
specialised service. However, in this study, the possi-
bility of symptom evolution or progression cannot be
ruled out, particularly as self-referred patients
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presented significantly later than those advised to at-
tend ED (38.6% vs 90.2% attended within 2 h).
Limitations
While this study is unique in using detailed, self-
reported patient information linked to comprehensive
administrative data sources, some limitations exist. Re-
cords of non-admitted attendances at small rural EDs
may have been missed, although these presentations
account for only around 4% of all ED presentations in
NSW [36]. The study was unable to identify patients
who attended ED or hospital in other States/Territories
(except one hospital in the ACT). Furthermore, partici-
pants in the 45 and Up Study may be more “health con-
scious” than the general population [33, 54, 55] and may
be more likely to seek health care and follow given ad-
vice. However, internal relative risk estimates from the
45 and Up Study for a wide range of exposure-outcome
relationships are comparable with those from population
health surveys [54].
Implications for practice
Telephone triage services such as the healthdirect
helpline direct patients to the services that best suit
their reported health symptoms. Older patients, with
their rising numbers, higher demand for emergency
and complex care, greater risk of symptom and dis-
ease deterioration, and poorer health care outcomes,
are a prominent and growing client group of these
services. Non-compliance with advice to attend ED
care has the potential for serious adverse health out-
comes for patients. The lower compliance rates in
rural and remote areas highlights the need for triage
staff, when interacting with callers from these areas
to discuss options that best suits the patient’s circum-
stances. Incorporating extra targeted questions for pa-
tients who indicate an original intention to seek care
of a higher intensity than the triage advice may assist
in identifying important information not elicited or
discussed during the triage process. In addition, dur-
ing the triage if the patient shows signs of distress or
anxiety, triage staff could be advised to place greater
emphasis on building a good verbal rapport with the
patient and encourage patient to follow the advice.
Conclusions
Compliance with telephone triage advice among middle-
aged and older patients varied substantially according to
both patient- and call-related factors. Knowledge about
the patients who are less likely to comply with telephone
triage advice, and about characteristics of calls that may
influence compliance, will assist in refining patient triage
protocols and referral pathways, training staff and and
tailoring service design and delivery to achieve optimal pa-
tient compliance.
Additional file
Additional file 1: Table S1. Algorithm to define the timing of the MBS
claims. Table S2. Socio-demographic, lifestyle and health characteristics
of 8406 subjects of calls. Table S3. Compliance and self-referral according
to patients and call characteristics, number (%), crude and adjusted odds
ratio (95%CI). (DOCX 53 kb)
Abbreviations
ACT: Australian Capital Territory; DVA: Department of Veterans’ Affairs;
ED: emergency department; GP: general practitioner; MBS: Medicare Benefits
Schedule; NSW: New South Wales; SEIFA: Socio-Economic Indexes for Areas;
SES: socio-economic status.
Acknowledgements
The authors would like to thank members of the Project Steering Group
including Dr. Leonie Katekar, Mr. Carlo Leonessa, Mr. Andew Coles and Mr.
David Washington for their valuable expert input. This research was
completed using data collected through the 45 and Up Study
(www.saxinstitute.org.au). The 45 and Up Study is managed by the Sax
Institute in collaboration with major partner Cancer Council NSW, and
partners: The National Heart Foundation of Australia (NSW Division); NSW
Ministry of Health; NSW Government Family & Community Services – Carers,
Ageing and Disability Inclusion; and the Australian Red Cross Blood Service.
We thank the many thousands of people participating in the 45 and Up
Study. We would also like to acknowledge the Commonwealth Department
of Human Services for providing access to Medicare (MBS) data, the Centre
for Health Record Linkage for conducting the data linkage, and data
custodians for providing research data sets.
Funding
Healthdirect Australia funded this research project. Authors MB, MR and AL,
who are employees or Directors of Healthdirect Australia, had no involvement
in data management, data analysis or the choice of findings to present in this
manuscript.
Availability of data and materials
The dataset was constructed with the permission of each of the data
custodians of the respective source datasets and with specific ethical
approval. The dataset could potentially be made available to other
researchers if they obtain the necessary approvals. More information
about these approvals is available from the authors on request.
Authors’ contributions
The study protocol was designed by LRJ, MR, DTT, AH, MB and AG. MR
chaired meetings of the Project Steering Group. AG sought ethics approvals
and coordinated the Project Steering Group. MR, MB and AL provided expert
advice on the healthdirect helpline service and data variables. DTT and AG
obtained data from data custodians, prepared data and performed the
analyses. DTT, AG, DR, AH and LRJ guided the analysis and interpretation of
results. All authors participated in drafting the manuscript and have approved
the final version for publication.
Ethics approval and consent to participate
The project was approved by the NSW Population and Health Services
Research Ethics Committee, ACT Health Human Research Ethics Committee.
The 45 and Up Study was approved by the University of New South Wales
Human Research Ethics Committee. The 45 Up and Up Study participants
provided signed consent for follow-up and linkage of their information to
routine health databases [33].
Consent for publication
Not applicable.
Competing interests
The authors of this manuscript declare that they have no competing interests.
Tran et al. BMC Health Services Research  (2017) 17:512 Page 11 of 13
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Centre for Big Data Research in Health–Faculty of Medicine, UNSW Sydney
(The University of New South Wales), Sydney, NSW 2052, Australia.
2Healthdirect Australia, 133 Castlereagh Street, Sydney, NSW 2000, Australia.
3School of Medicine, University of Tasmania and Healthdirect Australia,
Department of Health and Human Services, Level 2, 22 Elizabeth Street,
Hobart, TAS 7000, Australia.
Received: 12 May 2016 Accepted: 18 July 2017
References
1. Christensen K, Doblhammer G, Rau R, Vaupel JW. Ageing populations: the
challenges ahead. Lancet. 2009;374(9696):1196–208.
2. Australian Bureau of Statistics. Population by Age and Sex, Australia, States
and Territories. Australian Bureau of Statistics. Cat 3101.0 - Australian
Demographic Statistics, Jun 2014; 2014 [cited 2015 10 August]. Available
from: http://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/3101.0Main
+Features1Jun%202014.
3. Leonard C, Bein KJ, Latt M, Muscatello D, Veillard A-S, Dinh MM. Demand for
emergency department services in the elderly: an 11 year analysis of the
greater Sydney area. Emergency Medicine Australasia. 2014;26(4):356–60.
4. Samaras N, Chevalley T, Samaras D, Gold G. Older patients in the
emergency department: a review. Ann Emerg Med. 2010;56(3):261–9.
5. Lowthian JA, Jolley DJ, Curtis AJ, Currell A, Cameron PA, Stoelwinder JU, et
al. The challenges of population ageing: accelerating demand for
emergency ambulance services by older patients, 1995-2015. Med J Aust.
2011;194(11):574–8.
6. Freed G, Gafforini S, Carson N. Age-related variation in primary care-type
presentations to emergency departments. Aust Fam Physician. 2015;44:584–8.
7. St George I, Cullen M, Gardiner L, Karabatsos G. Universal telenursing triage
in Australia and New Zealand - a new primary health service. Aust Fam
Physician. 2008;37(6):476–9.
8. Nagree Y, Cameron P, Gosbell A, Mountain D. Telephone triage is not the
answer to ED overcrowding. Emerge Med Australas. 2012;24:123–6.
9. Blank L, Coster J, O'Cathain A, Knowles E, Tosh J, Turner J, et al. The
appropriateness of, and complaince with, telephone triage decisions: a
systematic review and narrative synthesis. J Adv Nurs. 2012;68(12):2610–21.
10. Purc-Stephenson RJ, Thrasher C. Patient compliance with telephone
triage recommendations: a meta-analytic review. Patient Educ Couns.
2012;87:135–42.
11. Sprivulis P, Carey M, Rouse I. Compliance with advice and appropriateness
of emergency presentation following contact with the HealthDirect
telephone triage service. Emerge Med Austr. 2004;16:35–40.
12. O'Cathain A, Knowles E, Turner J, Nicholl J. Acceptability of NHS 111 the
telephone service for urgent health care: cross sectional postal survey of
users' views. Fam Pract 2013;00(00):1-8.
13. Rimner T, Blozik E, Begley C, Grandchamp C, von Overbeck J. Patient
adherence to recommendations after teleconsultation: survey of patients from
a telemedicine centre in Switzerland. J Telemed Telecare. 2011;17:235–9.
14. Niemann S, Meer A, Simonin C, Abel T. Medical telephone triage and
subsequent patient behaviour: how do they compare? Swiss Med Wkly.
2004;134:126–31.
15. Marklund B, Ström M, Månsson J, Borgquist L, Baigi A, Fridlund B.
Computer-supported telephone nurse triage: an evaluation of medical
quality and costs. J Nurs Manag. 2007;15:180–7.
16. Hansen EH, Hunskaar S. Understanding of and adherance to advice after
telephone counselling by nurse: a survey among callers to a primary
emergency out-of-hours service in Norway. Scand J Trauma, Resusc Emerg
Med. 2011;19(48):1–8.
17. Baker RC, Schubert CJ, Kirwan KA, Lenkauskas SM, Spaeth JT. After-hours
telephone triage and advice in private and nonprivate pediatric
populations. Arch Pediatr Adolesc Med. 1999;153:292–6.
18. Scarfone RJ, Luberti AA, Mistry RD. Outcomes of children referred to an
emergency department by an after-hours call center. Pediatr Emerg Care.
2004;20(6):367–72.
19. Stewart B, Fairhurst R, Markland J, Marzouk O. Review of calls to NHS direct
related to attendance in the paediatric emergency department. Emerg Med
J. 2006;23:911–4.
20. Lee TJ, Baraff LJ, Wall SP, Guzy J, Johnson D, Woo H. Parental compliance
with after hours telephone triage advice: nurse advice service versus on-call
pediatricians. Clin Pediatr. 2003;42:613–9.
21. Kempe A, Bunik M, Ellis J, Magid D, Hegarty T, Dickinson LM, et al.
How safe is triage by an after-hours telephone call center? Pediatrics.
2006;118(2):457–63.
22. Staub GM, Von Overbeck J, Blozik E. Teleconsultation in children with
abdominal pain: a comparison of physician triage recommendations and an
established paediatric telephone triage protocol. BMC Med Inform Decis
Mak. 2013;13:100.
23. Navratil-Strawn JL, Hawkins K, Wells TS, Ozminkowski RJ, Hawkins-Koch J,
Chan H, et al. Listening to the nurse pays off: an integrated nurse
HealthLine programme was associated with significant cost savings. J Nurs
Manag. 2014;22:837–47.
24. O'Connell JM, Towles W, Yin M, Malakar L. Patient decision making: use of
and adherence to telephone-based nurse triage recommendations. Med
Decis Mak. 2002;22:309–17.
25. Bogdan GM, Green JL, Swanson D, Gabow P, Dart RC. Evaluating patient
compliance with nurse advice line recommendation and the impact on
healthcare costs. Am J Manag Care. 2004;10:534–42.
26. Campbell JL, Fletcher E, Britten N, Green C, Holt T, Lattimer V, et al. The
clinical effectiveness and cost-effectiveness of telephone triage for
managing same-day consultation requests in general practice: a cluster
randomised controlled trial comparing general practitioner-led and nurse-
led management systems with usual care (the ESTEEM trial). Health Technol
Assess. 2015;19(13):1–212. vii-viii
27. Richards DA, Meakins J, Tawfik J, Godfrey L, Dutton E, Richardson G, et al.
Nurse telephone triage for same day appointments in general practice:
multiple interrupted time series trial of effect on workload and costs. Br
Med J. 2002;325(1214).
28. Foster J, Jessopp L, Chakraborti S. Do callers to NHS direct follow the advice to
attend an accident and emergency department? Emerg Med J. 2003;20:285–8.
29. De Coster C, Quan H, Elford R, Li B, Mazzei L, Zimmer S. Follow-through
after calling a nurse telephone advice line: a population-based study. Fam
Pract. 2010;27:271–8.
30. Ng JY, Fatovich DM, Turner VF, Wurmel JA, Skevington SA, Phillips MR.
Appropriateness of healthdirect referrals to the emergency department
compared with self-referrals and GP referrals. Med J Aust. 2012;197:498–502.
31. Australia H. Biannual report July–December 2013. Sydney, Healthdirect
Australia; 2014.
32. 45 and Up Study Collaborators. Cohort profile: the 32 and up study. Int J
Epidemiol 2008;37(5):941-947.
33. Banks E, Redman S, Jorm L, Armstrong B, Bauman A, Beard J, et al. Cohort
profile: the 45 and up study. Int J Epidemiol. 2008;37(5):941–7.
34. Australian Government Department of Health. Medicare benefits schedule
book: operating from 01 November 2014. 2014.
35. Centre for Health Record Linkage. Data dictionary [Online]. Sydney: Centre
for Health Record Linkage; 2014 [cited 2015 April 16].
36. Personal communication with CHeReL. Population coverage of the ED data
collection. 2015.
37. Centre for Health Record Linkage. Quality assurance [Online]. Sydney:
Centre for Health Record Linkage; 2015 [cited 2015 April 16]. Available from:
http://www.cherel.org.au/quality-assurance.
38. Kelman CW, Bass AJ, Holman CDJ. Research use of linked health data: a best
practice protocol. Aust N Z J Public Health. 2002;26(3):251–5.
39. Falster MO, Jorm LR, Douglas KA, Blyth FM, Elliott RF, Leyland AH.
Sociodemographic and health characteristics, rather than primary care
supply, are major drivers of geographic variation in preventable
hospitalizations in Australia. Med Care. 2015;53(5):436–45.
40. Tran B, Falster MO, Douglas K, Blyth F, Jorm LR. Health Behaviours and
Potentially Preventable Hospitalisation: A Prospective Study of Older
Australian Adults. PLoS One. 2014;9(4):e93111.
41. Kessler RC, Andrews G, Colpe LJ, Hiripi E, Mroczek DK, Normand SL, et
al. Short screening scales to monitor population prevalences and trends
in non-specific psychological distress. Psychol Med.
2002;32(6):959–76.
42. Australian Bureau of Statistics. National Health Survey: Users' guide-
electronic: ABS; 2009 [updated 17 September 2009; cited 2010 June 28].
Tran et al. BMC Health Services Research  (2017) 17:512 Page 12 of 13
Available from: http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/
4363.0.55.0012007-08?OpenDocument.
43. Australian Bureau of Statistics. Census of Population and Housing: Socio-
Economic Indexes for Areas (SEIFA), Australia, 2011: Australian Bureau of
Statistics; 2013 [cited 2017 15 Feb]. Available from: http://www.abs.gov.au/
AUSSTATS/abs@.nsf/DetailsPage/2033.0.55.0012011?OpenDocument.
44. Australian Bureau of Statistics. Australian Standard Geographic Classification
Remoteness Structure: Commonwealth of Australia; 2010 [updated 17
March 2010; cited 2010 28 June]. Available from: http://www.abs.gov.au/
websitedbs/D3310114.nsf/home/remoteness+structure.
45. Gibson A, Randall D, Tran DT, Byrne M, Lawler A, Havard A, et al. Emergency
department attendance after telephone triage: a population-based data linkage
study. Health Services Research. 2017 Mar 29. doi:10.1111/1475-6773.12692.
46. Jin J, Sklar GE, Min Sen Oh V, Chuen LS. Factors affecting therapeutic
compliance: a review from the patient’s perspective. Ther Clin Risk Manag.
2008;4(1):269–86.
47. Martin LR, Williams SL, Haskard KB, DiMatteo MR. The challenge of patient
adherence. Ther Clin Risk Manag. 2005;1(3):189–99.
48. Delamater AM. Improving patient adherence. Clinical Diabetes. 2006;24(2):71–7.
49. Chesney MA. Factors affecting adherence to antiretroviral therapy. Clin
Infect Dis. 2000;30(Supplement 2):S171–S6.
50. Pickett K, Pearl M. Multilevel analyses of neighbourhood socioeconomic
context and health outcomes: a critical review. J Epidemiol Community
Health. 2001;55(2):111–22.
51. Stafford M, Marmot M. Neighbourhood deprivation and health: does it
affect us all equally? Int J Epidemiol. 2003;32(3):357–66.
52. Department of Health and Ageing. National Strategic Framework for Rural
and Remote Health. Canberra: Department of Health and Ageing; 2012.
53. Lowthian JA, Smith C, Stoelwinder JU, Smit DV, McNeil JJ, Cameron PA. Why
older patients of lower clinical urgency choose to attend the emergency
department. Intern Med J. 2013;43(1):59–65.
54. Mealing NM, Banks E, Jorm LR, Steel DG, Clements MS, Rogers KD.
Investigation of relative risk estimates from studies of the same population
with contrasting response rates and designs. BMC Med Res Methodol. 2010;
10:26. doi:10.1186/471-2288-10-26.
55. Tran DT, Jorm L, Johnson M, Bambrick H, Lujic S. Effects of acculturation on
lifestyle and health status among older Vietnam-born Australians. Asia Pac J
Public Health. 2015;27(2):NP2259-74.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Tran et al. BMC Health Services Research  (2017) 17:512 Page 13 of 13
